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This astsrial vas givym s an orimtation talk Lo an iir Force group
vislting BAND. . Its liadtsd purpess Li an elmentacy exposition of acme
oonceptual fasues that are relavant for a srditical understanding of
Systans Analysis. Many cosceptual subtlestiss and s}l issues of aralytins
technique rre avolded. ) | 7

Talks on tXis subject by several RAND collasguss lave besn drawn on
frevly without specific sitation, especially ttﬁu of C. J. Hitch (An
Aporeciation of Systoms Anslysis, The RAND Cerporation, P-699),

B. R. McKean, B. D, Specht; and A, J. Wohlstotter, and I ax S.ndobtod
erpecially to ¥. M. Kaplan for helpful criticises. |
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4 otalc 30 Sretoams Weslyada st o Leria walta 8 dellinitlan o2 %als
sery, Tnfortunataly 0o precisg, sziacnly sccdpiad definiiion exists. Yor
Ane axcment let ae say aersly that ty 3ystars Aralysis we nean 3 systamatic
examization of a problem of eholse 1 which sach step of the eralysis is
a:de explicit vhersver possidls. Conasquantly we contrast Systems Aralysis
with & mamnar of rsachiug decisions that is largely intuitive, perhaps
uasystematis, and in viﬁeh much of the implicit argument remains hiddea in
the xind of the decisian-ualkesr or ils advisor. _

Sy.tems Analysis is an outgrowth of World ¥War I Wtiona Research,
altheugh it typiocally deals with cholses thal oconcern oponum farther
ahead in ime, and takes a Mhn broadsr look at problems of military
choiee. Analyses at RAND, ror mnh. typiu.n.r consider what squipment
to progure and develop m the Alr Torce of the future, Consequently the
analyses that are rw diffar a good deal from the' Operations Research
of ¥orld ¥ar II. Dealing with the future, we are less constrained by the
cpusné squipments and modes of operations that we happen to have at thw
mesnt, We have grester flaxidility and range of osholee.

Tals d1fferwnce Detween & World ¥ar II kind of Opersticns Zeseareh
and Systems Anslysis §s less s metter of swdstance than of degree,
Censider, formqh,'mmmootnw. If we are interested in
Wring sa old house, ez associsted deeision about furniture will de
isvelved. One aspect of that decisicn may be the ohoice of a refrigerator,
and vo may find Shat & spase oaly )0 Liebes uide exists in the idtehen for
o refrigerater, that the house is wired ealy for 115 rolt curremt, ad-
that 30 g8s lines are svailable. Consequently our sholce of refrigerators
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VUL Ot s it htem s, U0y ara tupicton taw onuze, ine 7% %3
i i, o srolny of 4 sarieon s 1 dte 4 LS Narent Prozlem,
I2 vz 3% 2% %an (rawdag Scart vith 1 Leaginatire arsntsees, the dnd o?
house ve can have, lieludlyg a refrigerator, is wile-open. We are no
lenger constrained %0 think the rafrigsrator mst te no aore than 30
inches wide, and we can conaider the altermative of a gas rather than an
electric refrigerator, or even an electric refrigerator that will wsilise
220 volt current ntixcr than 115 volt if that alternative is relsvant.
Urder these circumstances, sur range of choice s far droadesr and the
mumber of slternatives that are relsvant is consequently far greatasr.

Whethar we speak o cheosing refrigeratsrs or ailitary systems, asame
owmmon coneeptual slmments are involved. Whenever we shoose ratiomally,
we try to balance the ebjeotives we wish to attain agalnst the costs of
their attaimment. In doing so certaln comson Questions are always in-
velved. Pirst, whet are the relevant altermatives anywey? Second, vhat
ia principle 1s the test of preferredness that we ought to apply in L
shoesing among alternatives? In other words vhat {3 our oriterion for
ehedee? And, third, hew do we go adout the actual process of weighing
objestives against eosts in the seleation among altermnatives? 7o wse a
word that we will disevss o 1ittle later, vhat is ocur "model™ of the
eituatien? How do we ge adout applying it, and hovw do we interpret the
results?

Lot ws tuara first te the question of the alternatives that are
relovant, There are tw claseis ervors that ean de made here. Xaoh
espeists of going te an umtenadle extreme position. Censider first tSo
one error, whish 9 to look 2t an wnduly restristed reange of alternatives,
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4 aneonid e sakiog bran aditaie A8, la o csims of Tor oomaly LiIustraiicn,
e owary Lo lvslin a nav Tound s 40 Ui srefrigaratos fie i tad ta zs tane
straiasd 5y all the spacilis Madsaslons of 50 alresdy =axdsting +1i-
faahdonea struzture. Of vouTss, thars ars certaln adrintages in sarrowlsg
Swr range of choice arbitrarily in tnis way. It probadly maxes the
fmuljaia far aore ccnvanisnt. Therw are far fewsr altarcative Lo con-
sider, and we are less badevilad by the problas of choowdng. Put we may
Pay & very high prise for such a tsonveniemce., ¥When we ispose sur cone -
streints arbitrarily, some of the sxslinded aitamtivn my be far batter
than the ones laft to chocae from. m:u:;oodn;rtcgnxmr
refrigerator. 7 ‘

It 19 an equally good way to get ;‘bud military syrtem, Consider
this pouibilit__,,' 28 an illustration. It 4» very comrunimmt for the
adrerssh dewignor, torn by doubt about the sise and other relevant
sharacteristios cf ths payload thet his alrplaie w1l carry many years
~ hence, sisply to sasume that the physical oonfigureiisn of a bomwb will
then be pretty much what it is today. Sixilarly it my de very servendent
for the designer of xube to assume that ihe bomb ba 2 of the Muture will
be of the zame sipecity asv those of cwrrent models. DBut look what san
result from such shared sonvenience. The sirplane designer say bdelisve
mzmmwcmammoxuuumcum:mbugg
88 the surrwmt omnes. In twrn the landing space, whetler it be fixed or

filceting, may have te be big. We end up with a comdination of big bomb,
bdg airplane, and big landing space. Yet 1% 13 quite pesxidle that a more
offirient system an the winls sould be devised by comdining a bowh emal)
in sise 12 not in dang with a mall airplane cperating from axisting saell
alrfields or cerrisrs. iasbte such s Lyiter system would not e possidle,
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i3 toah srewtedsl L sLodoa GA0Tie seF a0 LuoX L oal
ailbermatlys sz3tsma Yad Tenlor oyl coabd wush Dloger An rize st srmoms
models, If we loox &% an wnduly martew rargs 5P oaltaermarives o tagin

with, we zay nsver ovsn po3s ths questlon in tha pight way, And getiing

© & neat answar to the wrong question ray be werse than an dacamplsta

ansver Yo Lhe right question.

¥We can avoid the error of looking at an unduly narrow range of altar-
natires by specifying that we shall 1o¢k oniy al broad systems for a
sommarison, and that al) of ths sltarnatirss Lhat are relsvant in a broad
syrtem will e sonsilsred. In Levma of the above 1llzstration, ws can
try to look at all possible combinations of Sombs of the [uture with
alrplanss and Sasss of i futurs. T8 greal Hsicully which thia Frocs-
dure raises; of course, {s trat of workability., The more incicaive the
systim, the more alternatives that ars relovint, and the greater the
diffisultice of comparison.

Teo fex people appreciats the manifold alternativss that are anail-
abls whea one leoks at a relatively uwrconstrained aituation. Consider the
sisplest eart of arithmetic $liustrestion. In ssking what bombing sairplane
we ought to desigm for the future, lat us concemtretae arbiirerily for the
moment en just three obdvisusly pertinent characteristiazs -~ ringe, speed
snd payload. More of any one af these is sbviously & good thing ia
1tself. We should like ta 1y farther, faster, and with a bigger payload.
M, of course, we achieve rnone of these wWithout cost. Indesd, in
relevant sasead wa probably ran schieve mere sf any <na of these charsoter

fstiae ol porformaice oxly at Mhe ozt af the siler two, 1st alons at the
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Lt sacht of Shem ww gaadomoondy a TRigh® or 4 Tlow? value. Wa caa
have & fast admolane o one ot 30 Tt ard se sn. Now Row wany slbasr-
natlire coabiratisns of timse Lhares charscharistios do we rave? We can
answer this gquestion by using the dlagroa glven Telow {n Chaet I. 12 we

take any one of these sharsateristics 33 a deglonming polnt, it can rssume

dther of it two values - high or low. Xach of thess valuse in turn ‘
¢4 be matched cp xith either the Migh or the low valus of the secend J
sharvotsristis, so that we have four distinoet cambinations. ZEach of < z
these comdinations in turm can than be matched with sither the Mzh or 3
the law value of the third sharacteristic. What we :nd up with ars (2) 4‘5
(2)(2) or & scmbinatiens. ,:?
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sharastamostics of sue Wreslons, A wgont srew atace, landing faslle
itise, and 2lastronis zoar for lnsteaza? Tat 42 wo fnclwde only tan
sharastariztizs of Lmiarest, snd 3till peztrict oursalves to byt two
valuss of sach, the muber af relavint cambdinations i3 (2)m or atout
1,000, The 4iffsrence Detween & and 2 cumbinations is mell, but the
Yerence between 20 (2 tizas 10} and 1,000 iy lsrze. Typically when we
start with clisan dravdng beards and are fres to oonsider all altsrnativas
of intarast in a problam of the future, thare ars many adllions 92 possidls
alterpatives, The provlom 19 ore of shoosing sensibly from smong that
large cmder. Given that idod of a aituetion, 1% 1s asndfastly absurd

fer anyoe 0 sy that we should dovalop all sltavnatives in 3 hardmrs

form, ase “ow they perform, and then choose wmong them. It is Luperative f‘f
to find a cheaper way Lo cowpare them. The bulk of the alternalives st
be wolnded By a somparison that utilizes faw, 1f any, tools beyend
pencils, peper, snd ddscriminating thoughu. Given that this i» the !
situation, thore 1s sareiy & case for making the choice on peper as care-
fully and as adly as we can. Hence the desirsbility of Systeas Analysis. :
You notice that all I have done in discussing the rexge of alterna- X
tives s to point up the srror of going to either sxireme. The unduly :
narrow aralysis say sxalude the vsally Lrtsresting allerratives. The "
impossibly broad cowpariser is siwply out of the question. Sobkdy but a \
fool or a sharlatan sver pretenda %o lock at all the undverse and %o ;
resclve all problams at the same iine, «ven though in principle those }E
srobleas sre interdependemt, In a gwaral discuasion there 15 very littls 5
o O Y L A el
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Lo ba#e 1% lezends 2nonhe zartlonlal noBlaa ab

13 2hat Sha amalyet st DoyaTy carefil to maka his calsedls aaktaar o
mall nor oo largs, wndod L5 anly to 23y Soad Judiment {3 sazoentlal acz
thiz voary 2arly stags.

The preblam of the oritardon, or tast of prefarvedness, thal ought
to Te used {n a partioular problam is always wdth us. To take one aspect
of our xilitary problam 83 an sxanple, lat us consider the question of
the prefared sngine t;r the bonter of the future, Suppoes, again arbi-
trarily, that only turbe-jet engines are at lssue. 0@ poasibls eriterion
for choesing axong altarnative engines is that of pounds o2 thrust per

“pound of enxine we'ght. Clearly greater thrust is dasireble; equally
clearly, lizht wgines are deairabls. We 223 oalance the one charecier-
istic against the atier for the alternative anaines that we tXink w

soald have. The result of a comparison mizht appear as in Chart IT below,

khart 11 '

L

On the besis of this cowparison alone we should prefer Dngliae 4 %o
Engioe B. But any sensdidle engineer will Lmeedistely odlect toat thae i»
t“‘d.wlll sriterion for engine chadze. It leaves cut af account sany
inportant charesteristiss, and there L3 ne sasursnge ihat these stiher
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mgdager will Dmeddntely ek, I8 coging A omore lamabls vhan 270 I L
spacific sl zonsunptlon lower? I3 1 va.apar W0 produce?™  Jaralniy
tinese are relevint queations, and they 2o rot answer thomsalves. I L
rosaibls that Znzine 3 is decldadly supsrior to A with raapeet to one or
more of these sdditional charscteristics, and thers as undoubtadly other
relavant charsateriastics s well, _
_ Xoreover, ws may note in passing that there is one other question
that certainly sught te be askad. What sise of axgine in absolute terms
results from followdng such & oritsrion to the bitter and? X% 43 possiile
that we wuald get a 60,000 pound thrust engine, one so big thzt we might
net be intarestad in 4% at all. The use of a ratio aa a criterica for
ahoice vislds ne ummi that the Mluta scals of the operstion in
question vill be sa irtaresting or i‘snnt one. o
Gim the difficultias that we can got inte with an obviously incom-
plste sriterion, what are we going to do about 11?7 The only way to resolve
the question is to lock at the comparison in terms of the contaxt of a
troader system where we can bring a aore complete criterion to bear upon
the protlmm. Fer sxempls, ws can consider the sentext of a strategic
bombing system as & whole, Suppoed ve take & "resscnable™ lisi of Soviet
targets for a strategic bomddng carpaign, and stipulate that the cbjective
of all of the systame to de compared is te acqQuire as great a capability
of dectroying thoee targeta as possidle for a given total Mudget. (You
will notioce that I aveid 21l Tueetion of what constitiutss 3 "reasonadle®
target.) Yhat system that can be devised will Yave the greatest sapadility

given the budget constraint?
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A3 oa mamasinene lnooor raner comparigon el U2 Thpent eadling
swetoay, e xra Iroa Lo oNooss wweny msisw AFmas. W 3hall ey Lo 2hwude
et madoe ohishy whan sarrisd to allowas sribar daalsallas csapensnts uf
tow cembling systam, i3 2enalatmd i Ahe greatesdt sembab capaiilivy.
The l3sua betwean angins A and ngians 3«1l now tond to bae reselved. If
we only Uisted the teahnical sharscteriatiss of wnginss A and B, 1t ‘a
Yiksly that wo would have two coluans: ons colwmn of charscteriastiss in
whizh sngine A was tha supsrior of sngine 3, and & sacond column of &iffwr-
snt characteristics in wvhich engine B was supsrior %o engine A. 3o -
sxpressad, tlere is no common dezcrinator in terms of vhich of these
different characteristios can be ccmpared. Such s ldating would suffice
for making a choice only if one angine uniforaly dowdnated the viber,
that s, was better in each sharactsristic, Oma Just does not expest o
find that sort of mo in an interesting prodlam. Interssting
problmms are typleally no® that easy. Thersfors, in order te shoose
betwesn ths two engines we must find & way Lo reduce their diverse marits
snd demerits to a oemson basis. The oontext of the strategis bamhbing
aystem 28 & vhols askes it possibls for uwe Yo find that comon dmﬁor.
Zach merit of s partieular wgine type tends tc have its impaad i 'tﬂm
ef & contribution toward grester target capability. Conﬂmh sach
dmmerit tends teo Dave its affeot in terms of decreased capabiliiy. The
et offect of the merits and demarits of each will result in a fizal
centrituation to tetal systam sapadility. Their 4iffsrerices zan be
oprasssd in tarms of the cosmon dencminator of targets, and whish wagine
is better can b establisted given a tmiget constraint,

How can we determins the appropriate scals of the bomhing caspaign

at issve? Vow biz 3 mdget stould we impose as a constraint? I% aay




WYL L@ wo4al e ocannnt aagear thds ovisaslon NI ALy prasiaiin. Toonras
2334 w1l than ve fan le s e ey saveeal budgyy Levals and e shal

FATEATA 3% 2ash Levels 12 ww oare Luwy ww flnd thal sur prslyrancae o
one ngics wyTe over the chier oss ret dopend upon the udzyt lovael,
CThat Lz, cholce belween tha two L3 not semalliive o variation in the
scals of the campaign, I zo, we 2an maks & 3irong mcm;nu:dxticn far
that anglne.

The criterion in our boabing campaizn comparizon is cxprn'nd ia
terns of meximm target capadility for a given total budget, The orite-
Mon could squally well e KGTeesed the other way arvend in terms of
ainimm total hudget for s given target cxpadilily. At any partisular
ssale these twe mpressions normally amount %o the saxe thing.* If we
oxpres i mz&ion the one ‘uy, w get a result like that shewm in

¥
4 .

# The adrorpal case wherv thsee «rpressions would not smount to the
sane thisg requires that one altermativs Be more sxpensive than another
a% law objeetive lerels, lass «pensive at kigh cbjective lavels, ard
have the same oF lower %otal sosta assoclatsd with itigher odjective
levels, not Just lower aversge ses*s per unit of the objective. This
case 45 unlikely in practice. Howwver, for ihe curiocus!

ce Aliarnative A can got 5 targets at & miniwm sost of $50 .,

but Altermative B ean get § targets only st & xinlwom cost of $55 =, X!
we are only interested in § targets, A is usistakesbly our aholss. But
Wppose we e interssted in more tirgets; and B sould get s 20 targets
at a total cost of $50 n. (a lower Zotal cost than that assosiated with

S tergets for BI) while A could gut us 20 targsts only at & occst of 50
ne In tiie sase, if we cxprias U critarisa in terms of maxisom oapa-
Miity for & $50 . Dudget, wa get an ansver of B and 20 targets. All is
wvell, wuld we expreas sur aritericn ia terms of ainimm cost fer §
targeta, Mwever, wo got an answer of A cnd the same oont of §50 millden
Wt & lowsr sapability, clearly un iaferier soluticn. Fere it makes a

e |

differwnce wiich vay v erpress the Iriterism.
T™e treuble ariser in this ustsual cese becanse the mswning of "at

siy partisular ssale” is smbiguous. Beennse totzl oSats ave ook ajways
7ising ik Nigher objlective levels, mere than one sbisctive leval f»
ssevciated with any given zest level. Ne umbiguity srises ia the usual
ense 1llnotrated in Fart (2) of Chart IV, and wo can identify a partieular
seals by reforwnce sither o & oost or an objestive level.

Fihe o -
#lri il

“x

el b

gt
A

bty 1 i

ok 5 R ST G o T i




S il

Ta & M e T TP 4 - . B aaa Ta YQC o [IERY »
v (1Y of Tl Liiy LD T ot awp, o wm ozet oy maunt LD Tape L

. - .2 . - e . - — [N S S

LOAFD Clle In aaniar rxaa tne oargin of sunariosiir sf 3PN vEp LYy

egloae 3 over avatoxg wmpioricg amsdne A g musn ths ocama, Uhg rasel

AR AT I 1 P

@

onr scaparison Lo thw contard of 1 breadar aystom fz s aor
iv ddng i{mprassion of & technizal superisrity of angine A over 3 that was
griarstad by the overly simpls sritarion of maximum thrust ;er pournd af
engine weight (Chart II).
 The cosparisen in Chart IXI is in terms of a acals of & §1 billion
budget (Part 1) or 100 targets (Part 2). As we try diffsrsnt scales of
effort, notics what happens. At sach acals thet we try, say &1 dlliom,
2 vllion, and so on, we ahall try %0 sstablish that systee with aaximm
targst capadility. Once that system haz desn found, its cost can be
traseposed to a differsnt chart that will graph the relationship betwoen
the nuxbar of targsta that can be deastroyed and the total cost necessary
for their destrustion. We end up with the chart in Part (2) of Chart IV.
Ineddentally, such 3 chart terves to damcnstrals the fallacy of one
osmmcnly sncountersd criterion. Whut does it mean if somebody says the
eriterion for this job {s to get the anet for the least? The "least® in
this cane means lower dollar cosi, whioh means we move to the left in
Pert (2) of Chart IV. Dut getting the "wost™ means thst we destroy the
meat targets, which msens that ve go up. But we canot go wp and to the
laft elmaltaneously in tids chart. Righer capabdlity meens higher soat
once ws have determined the afficient systems to de mmployed at varicus
seales of effort. Smch s ariterion involres us in a simple verbal centra-
distion. To csnwvert it imto a meamingful propseition, we mast rephruse it
Yy saying, “Oet the most for s stipulatled coet; eor, altarnatively, for a
stipulated ediesiive get Lhe lowest cvet that you can.®

s
w

&, W L
TR A S

i S R T P

®




¥
-

e
w* ‘—

f
(1) 2)
L 1 4 44 md = 2 1 # 4 BEYS o ]
acindza Japapiiiny foe 1T Wnisdza Soat for 100 Tar

> 3
* Total
it S

100w

ad

f:
4
-

AN MY
> AN

“AAW]
i WA

E
:
:

Alternatives

ghart 3V
Prem One 3cale to Mary

(1)

Maxixdse Capability for {1 b.
Targets Targets

g N\
NN\

Altarnntives




R i

it Al i A e g 8

BRI

2
&

B2l
PR

Bt

o

sy

TR

A

2

g Rkl

T TR kgl P

-l e

-

o - é ™ Y onad
3% T oravy femared Sne vital oattars o

F s, - s > e
I orow P o7e o ihoul Lha

wotual prosess of commarisea Lo oa Irstans Analysis, W owmat st s
real Tlfe pesfammancs ty aliernatire aystimas, and natusally we waal b
Ragd Lae aiiatisa as reallaiicz o possihle for vhe Dmporand 2ictors at
l1asue. T stiress tie word "lapsruant.® IV i3 vory claar in any analysis
that <o cannot taxd avsrmiiing into account, 3omething wmust be left cut
in erder to 3ike the aralysis workacle, CGiven LRat we have to aliainsts
sanwetidng, we shall trry to eliminate the lesss important,

Somstines the prodlams of our xdlitary analysss are comparad to ths
problem of the owner of & racing stabls who wants to win a horse race to
be run many ysars hence, on 2 track not Yot btullt, between horses not yet
bera. Brerybody wouid agres that apéodictian of the kind of grazs that
would grow in ihe infiald of the rece track is quite uniaportant 4in ﬁho

snalysis, and need mot be included. But somebody would certalnly quarrel

wth a failure te consider the oquiﬁian of the running surfaze itself.
Race f.nck fancisre tell 3e t&t m mﬂac m-ck:- are fastar than othn‘rs,
and thet some herses perfora relatively ﬁch better on slow tracks than
they do o. fast trscks. Again we only podnt to rcaething at once lupore
tant and difficult; we do not tell you how to do it. How do you decidse
which factors to supprsss and which cnes to fnclude? And yot un analpysis
not only of necessity supprsesses m things; it aggregates many of the
obvisusly important things that ramain. A maltiplicity of small things
mtbowtcdintonmnm«wmihnu. nly
when: ws have done this will ihe prohlem of cemparison be reduced to
mansgeshles dimensions. Consequently we shall simulate real Life incom
pletaly by comcentraiing only an the things that we think are iwportant
and sbatrectisg from the uniaportant. In sther words, e shall create a
*model.” J _ .
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T 2ris ST JauTerw g LRei.dd o L omeelnd oany o shars opantin et
yatdoaticn, Tha ,:H.: Lapnrtansr 98 rareal, vdilad s3tizatiicsy s
ouviluse L0 s want ho Tulld ke Tt wma, we 3aX new aldtarmalivas
wilding caterials nompars iAo gtTangtd, welignt, 32aL39%il sppaal, wd
cost, If we wanit to build the Tasi bowosr, w4 iak Wt parforuance
sharactaristliss ars attalnabls wdinia the axpscted stats of the art in

. Adreralt sonstructicn, what relsvant trade-olfa can be rade among thoae

aharsctaristics, and what defmzes future bombers xay have to face., There

are many ncre relsvint questions that could de liated in siiher csse. All
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mist he snswered as best they cay be in order ¢ aake s comparisen posaidls,
. and the better the answers, the bettsr the gralysia as & whole, ry is
: 1ittle moTe to say at a loval of ;mcral prineipls sxcept that it is
9 _ mportast that the various degrees of confidence with which partisular
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faovor- are sstinated ahould de sxpressed, ;mi the variince sttashed to
particular estiaates is Lwportaot as well as the besd pussses adout the
wxpected sagnitudes,
Are & common denominator with which to cospare physically diverss
hings, all or a good part ef the model will typloally be quantitative in
sharacter. Hence ths talinis of the mathwmatician, of value elaswvhese in
the anzlysis, are indispensable at this stego. We twrn to & mathwmatician
not ¢ wich for his #kill in perforwing mess sompudations as for bis
ingeruity in escaping thems. With Judgnent, one may be able to boil dowm
sn mworkably largs smeder of altermatives te a mmber which, while
farmidably large, is msnagsable. With ingeruity, one may be able
sostitute simplified for intricate mathematical manipulation. Wwhem all
' of the honest tricks of the trade Lhst permit such redustion have been
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QVALAdEd, w3 tare whe abacntarie eelaaliliz Lo Sl back upen o randls
nxazs 2f ocomputatlions,  Ixprewmmenis i the st of matlhwewslioal mandue
1ation and the dwwalscmant 27 ha tleenroni: sxlrwladter havey mntoilabed
greatly %o ths povaatdal for uzelul sywtoms wnalgie.

So far we have Laliad alwul servyral commeon conceptusl sliments thal
anter any prodlem of ciwics., 3Zut bedind all of thea ix one troublasome
element of which you sre all avare. When we tallk of the futurs we ars
speaking of a futwrs largely unimown. A%y analysis of ocurrent atcisiaﬁn
that w1l ®ind us in the futurs 1s plagued by the diffisultiss raised by
unsertainty. PFor mdlitary studies, what will the snexy be like in the
future? Row good are our forecasts of the teshnologloal improvements
that will be possidle if we i1l only give the go-aisad sigral now to
cartais development and production pregrams? And in the event our wili-
iy devises are sciually employed in the future, 'wh;st chance elsamts
M1l help to determine their success? fov lucky or wnlucky vill ww be in
the particular situations? : |

¥e are wicertain sbout all of these tidngs, ard owr mm;inty Hren
us 8 t2%-fold rroblam. Because w are so uncertain adout thc: magnitudes
of many of the ixportant factors, we Jdon™t h'nv how to push a somparison
between slternatives to & definitive conslusion ¢ven when we lhave 2
definits aritericn for cheise between them. As 4f that were mot bad
sough, the formulation cr & oriterica for ohoice in wnsertain situstions
my 123037 be eluxdre, To take the simplest sort of axample, different
peopls may give different answers to the Question of whéther they would
profer & certainty of §5 to one chares in twenty of getting 4100, Yot
the mathematical arectation of zain 1u the same in beth cases. We cannot

fix one definits oriterdion for shwlee betwem these two that will apply ‘o

all individuals.
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ada wien Faoad sl mraradoty about ths muliet Lavsl Loosur oexanpla.
Tned we have 2 opastivilar rsrult zazed upon ong 33% of aszsmptiises, that
regult can be tagned for Lls ozansitlvity to changia An onany of the facters
that snter into the anilysis. We can ¢ry an altarsd scals of sffort by
aasuxing & diffarent Ludgst, we can doubla the strength of the eatizatad

wmmy defsnses, and o on, and ses what such tests do to our choioss.

ER

One sssential of mmat systmms snalyses is a battery of semaiiivity tests

"

’

that show how the results depend upon different factors. If we are lucky,
we saerge il 2 resull that is coaparatively insensitive 10 a wide ranga
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of ¢hangs in ma;y critical slesenis of the analysis., If we are unlucky;
we wmerge with at best squivecal reeommendsiions, although the factors
upon which sheics critically depends, md the part!ouwiar uncertainties _
that it is important to try %o resolve, will have been clarified.
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For dealing with umeertainty, some kinds of statistical urcertainiy
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can be treated «plicitly in the model., This poseidility raises 'tocimical
metters that T do not propose o go into hers beyond moting that the
s¥itericn san be wpressed in & scaswhat Hffsrest form. Instead of

seaking the Mnimm cost gystem smag systeas all of which have an «xpec~
tation of attaining a cartain sapability, the oriterion can be rephrased,
for eximple, in terms of o sonfidence lavel: “Choass the loest ocosily ef
the systems that heve 2 90 per cent assarancs of dedng adle te do a stipu-

l1ated Jod.,® Qiven this different sert of critericn, different model

manipulations mex Yo called for, and one may get 2 somevhat different
solation.
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partiodar sndlha of Jortune.  Tor axaaply, L we are asiing recermandas
tizns f3r novsl tyrpes of aquipaent at quits an sarly 3tage of dsvsiorment,
we 2ay wvant 0 recomsard muliiple programs: not YA is prefasrred to 3,"
but *develop at least ;co'th A wnd B fron azong & mush largser muber of
pessidbls sltarnatives.® If bolh are developed, we ire much less exposed
ts catastrophs than 1f we had pluuped all out for only A or B. Tha chance
that toth will be failures iy perhaps much lewer than that either 41l be
a fallare 1f we concerirate axclusively upon &%: To revert to our future
horse-reace ntlogy,; one ¥ay sant o amalyse carefully in oh:ostn; preferrod
breadiag atosk, but prefur to seek wore than one colt froa more than one
set of parents. But ool, of sourse, witheut Lisit, Jtud fees and the
prices of btrood meres are high for blooed lines of proved merit. And
medem hardvare dyvelomment for ailitary application is not 'chc;p sithar,
The prinsiple of hedging can be axtended all the way through to force
exposition and wmployment decisions. One may argim cogently for systoms
of xixed wespon types on the basis that we are less uncertain sbout getiing
toleruhle results than in the case of a pure system of ons type, sven in
mﬁmmmtzgqaofmuucnnlt-tmumhmm:
pure system. But the et of thia type of hedging rises as we move from
the sarly stages of research and development toward procuressnt and use,
add we oan afford less of 4it., Morcover, as w move froe sarly to late
stages of developmimt the burden of uncertainty lessens, and hedging loses

soms of its great value. Incidentally, this consideraition suggests that
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defsr our mgine cholce to 4 biue when our decision 2an be s tetter one.

You notice thal none of theds commarle tells Jou precitaly what to
40 in particular situations. It Ls Yery olear thai Systass Aralyals xs
currantly practiced, and prodably a3 prasticsd in tha future, is mich more
nﬁ art than & science. To be sure the ana’yat ought to espley whatever
avallabls sciontific toels are appropriste at particular places ia the
analysis, but his operations a5 3 ¥hole are ot sharactarictic of MScisnce®
with a capltal "3.% Wh have stressed the part thst judguent plays at esch
stags of a Systens Analysis. What scops shouwld the analysis take anywey;
what is the sppropriate balance that *scapes bedng overasditiously Mg or
unduly sonstristed? What eritarion cught to be spplisd? MWrat factors can
be muppressed in the analysis? Of hhoss that remain, whet degree of
aggrezation of particular fastorv is permissibla? lMow ure they to de
mnipulsted? How 1s the result to be interpretd? |

Noreover, owr very division of Systams Analysis into "stages™ has teo
much of a out-snd-dried flavor, although that division iz useful in order
te talk about scme comseptual issues cie at & iwe. In prsotice nebody is
likely to give you a problem neatly and correctly forwulated, with the
idmtifieation of relsvant alt@matives a matter for simple enumeration
and the ether stagss to follaw. One of our senior practitionery of the
art of dystems Analysis insists that the term itaself {s unfertunats and
should be repliced by Systens Design. 1In his view the perception of the
problem and the finding of relevant alternatives ar: the key areative parts
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nary sevome a2 2l 1ty tzalsencs, o ne Lot remges w3 Irtge cgTol
altarnatires Jor its 0luting, are perbaps the most lysereact vuallliass
the aystams analyst oseds,  iad, 1ius the seund ‘fudgnent alio raquiced,
those qualiiies cannat be taught in taras of genaral ;rinciplas or 3e%

ruiss. Ons san only repeat advoniiicns: "Syr'.a-a Ankiyeias 18 2o nubsti.

et
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tats for senss," acd "Thers are asither jrescriptions mer substitutss Lo
ingemulty 4in anxliysis.”

Sometizes vhen slress 13 prc;;cr]: put upom all the 4fIisujtias that
preclude a dafinitive analysis of declsion problems in terms of & full-
fledged scisntilis discipline, one sncounters the followdng curt of

. resction to a study: *Thers are so many imponderibles in thw situsifon,
‘3 98 mary wasertiintiss, that T Just have nc falth in tie results that
. ) emerge from all this mass of data and discussisn, I prefer to aveid it,

and therefors I sroid Systams inalyais.” Thers &3 2 direct answer o i¥ls
type of understandable objection. The diffisulties sre intrinsic in the
nature of the problems thst are studisd. They are not d1ff{zultiss that
are grafted onto thi problems Just decause partisular tecimigues are
breught to bear on tham. The same burden of uncertainty must be berns by
anyone who tries rationally to arrive at decisions. The man who solves
couplex problems in the span of five mizutes on the intuitive hesis of
"sounc” wilitary or huszinsss judgment and exparisnce, and that is certailnly
peesible, may then forgst about 1t and sleep essily at mignt. In centrest,
B % the min who has wrkwd twe years on -a invelved Systems Analysis of the

caiist RN Ak L M e L

sawe problam may sleen badly, dut only besause he has besame agutely swere
4 ef all the piifalls in the problm.
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12 you taks Sright peonls whe wrs salantilisally Lmload, Ry irs letaearw
from Lhe partisular nrobles and orssquently havy ne blaz, wd zive thgm
azpls tise and ospportuniiy o bring their coabined divarse axperimos ‘o
bear upon the problass, they sertainly ought to be abls o do censideradly
batisr than one harsssed Indlan who i» ziven, asy, thres zonths 9 aclve
an ixpossidly vig probdlem with 1ittls assistance, And they cught o do
better evan when the scmparison is a falirer one.

One should not overstress the diffisuities of findirg the Hest solu-
tion to ccqal.u problams by anaiysis, evsn though the Aiffisuitiss are
Lrsat. To be sure, many probless by thedlr very aaturs are 30 samplex that
cne would never be confident that the best result had been fourd. At the
sume tive very useful results may de achisvad. In particular, one may
tackls & problsa {0 order to find a betier rather than the beat solution.
Instead of startizg with & slean Jrawing board, looking at all the rele-
vant slternatives that can Do discovered, and andeavsring to f£ind the
best, one my take as & starting point the e«xisting pregram or patiem of
docisiens that, unless shortly altered, will %ind the future. Taking that
a3 a starting peint, in what respects doss the progran semm to de demon-
strably dadt If sush respects can bes fouwrd, ons can procoed to the
demcnstration that they arc bed, Cne seeks an A)ternative pregrea that
sAn Yo «wppected to do bettar in the likely contingensy, and yet te better
sdapted ta et unlikely Wt poseible coutingenaies. Prodbably ve weuld
be better sdvised {n many predlims to tasklas the design of better systeams
rather thks e abstract analysis of the best. If we did, wo xight de
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It 13 only falr %o 3dd that while Jystems Analys: - can and owght to
be much detler than conventional staff work, it can bs wrse. Many systems
analyves share an iapressive facade. The technical d!icuesion is long and
corrlizated, the charts are slsgant, the mathematioal :ppendimes are
formidadle, and there 1s great display of teshnical j:i¢on and virtaesity.
Such a facede can raveal very good analyses or it can roneeal very dad

oove. £ Lt conceals *ad arnaa, Lt may be worse than o analysis at all.
The diffisulties of underatanding the technical display may iaxpede rather
. than Saollitate relevant oritisiam. The whole elaborate struature can &

Lo LA

senceal 8 bdig butch o & Liz Hias in terms of ardbitrsrily exoludad alter-
natives, an improuper ex:uorion. %ad sxscution of the analysis, or peer
interpretation of the results. But .1l toels can be used or atuseds The
possibility of misuse need not and should not dey us the opportunity te

make geed use of the availahls %20ls. After all, "The substitute fer dad
analyzie is good analyeis.” MNevw else do you imew 1t is bad?
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